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0 Electron-emitting device, and electron beam lithography machine and Image display apparatus 
making use of it 



0 An electron-emitting device comprises a sub- 
strate, an electrode provided on said substrate, an 
insulating layer laminated on the electrode, and a 
second electrode having an opening and laminated 
on the insulating layer in such a manner that the 
insulating layer is uncovered at the opening and 
^electrons are emitted from the opening of the sec- 
^ond electrode as a result of application of an voltage 
Ijetween the electrodes. An image display apparatus 
^comprises the electron-emitting device, a modulating 
electrode capable of modulating an electron beam 
.emitted from the electron-emitting device, in accor- 
dance with an information signal, and an image 
CO forming m mber capable of forming an image as a 
-^result of inradiation with the electron beam, these of 
which are successively disposed. An Image forming 
Q- apparatus comprises the electron-emitting device, 
^and a means for modulating an electron beam emit- 
ted from said electron-emitting device, in accor- 



dance with an information signal. 

FIG. 1 
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Electron-Emitttng Device, and El ctron Beam Lithography Machine and Imag Display Apparatus 

Making Use of It 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to an electron- 
emitting device, and more particularly to an 
electron-emitting device having the structure that 
an insulating layer is interposed between a pair of 
electrodes. It also relates to an electron beam 
lithography machine and an Image display appara- 
tus which make use of the device. 



Related Background Art 

Rgs. 6 and 7 diagramatically illustrate a con- 
stitution commonly taken in f^lM-type electron- 
emitting devices. 

As shown in Figs. 6 and 7, an electron-emitting 
device of the MIM-type comprises an electrode 1 
and a surface electrode 3 which is thin and lami- 
nated thereon, interposing therebetween an insulat- 
ing layer 2 which is thin. The electrode on the side 
from which electrons are emitted is hereinafter 
particularly called the surface electrode, Then, a 
voltage V larger than the work function <»m of a 
metal used in the surface electrode 3 is applied 
between the electrode 1 and the surface electrode 
3. As a result, among electrons that have tunneled 
the insulating layer 2. those having a larger energy 
than the vacuum level are emitted from the surface 
of the surface electrode 3. 

In order to obtain a high electron-emission effi- 
ciency in such a device, it is preferable that the 
insulating layer 2 is made small in thickness so that 
the energy of tunneled electrons and the number 
thereof can be increased and also that as shown in 
Fig. 7 the surface electrode 3 shouW preferably be 
formed with a thickness as small as possible so 
that a decrease in energy because of the scattering 
or the like in the surface electrode 3 is prevented. 
It is further preferable that a metallic material hav- 
ing a small work function ^m is used in the surface 
electrode 3 (Japanese Unexamined Patent Publica- 
tions No. 124327/1988 and No. 141234/1988). . . 

However, in the case when a film thickness is 
V ry small, metals commonly tend to take an island 
structure, and it is v ry difficult to form such a 
metallic thin film as mentioned atwve. Moreover, 
V n if it has become possible to form a metallic 
thin film as the surface electrode, since the resis- 
tance is larger, particularfy there is a high specific 
resistance at metal materials having a small work 



function, a fail of voltage in the surface electrode 3 
can not be ignored and thus there is a possibility 
that a uniform and effective electric fiekJ is not 
applied to the electron-emitting device. There is 

5 also a possit»lity that a k>ss of electric power in the 
surface electrode 3 because of such a fan of volt- 
age causes a break of the device. Hence, there is a 
limit to the formation of the surface electrode 3 with 
a srhali thickness, resultingly also bringing about a 

10 limit to the improvement in electi'on-emission effi- 
ciency. 

The electron-emission efficiency can t>e im- 
proved to a certain extent with a decrease In thick- 
ness of the surface electrode, but on the other 
15 hand, new problems may arise such that the cross- 
sectional shape of an electron t>eam emitted from 
the surface electrode 3 becomes bad and also the 
fiuorescent luminance attributable to the electron 
beam also becomes non-uniform with a decreas 
20 in thickness of the surface electrode 3. I^ore spe- 
cifically, when a fluorescent member capable of 
exhibiting fluorescence as a result of inradiation 
with electron beams is disposed right above the 
surface electrode 3, K follows, with a decrease in 
25 thickness of the surface electrode 3 as in the 
above, that a fluorescent spot formed on the sur- 
face of the fluorescent member does not refiect th 
electrode shape of the surface electrode 3 to hav 
an unnecessary spread. In addition, the luminanc 
30 at the above fluorescent spot may also Ijecome 
non-uniform, resulting in a fluorescence ur>eveness. 
Moreover, once the cross-sectional shape of th 
electron beam has t»ecome bad or the fluorescent 
luminance has become non-uniform (luminance Un- 
as eveness) as mentioned above, there must arise the 
problem that the resolution of an image is lowered, 
the luminance is bwered and the luminance un- 
. eveness occurs particularly when such an MIM- 
type electron-emitting device is used as an elec- 
40 tron source of an image display apparatus or an 
electron beam lithography machine. 

SUMMARY OF THE INVENTION 

45 

An object of the present invention is to provide 
an MlM-lype electron-emitting device that can as- 
sure a resistance of such a low level that the fall of 
voltage in the surface electrode can be ignored, 
50 and also has an improved electron-emission effi- 
ciency. 

Another object of the present invention is to 
provide an MIM-type electron-emitting device that 
can at the same tinr>e achieve an improvement in 
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the electr n-emission efficiency and an improve- 
ment of the cross-sectional shape of electron 
beams and th luminance uneveness. 

Still another object of the present Invention is 
to provide an image display apparatus and an 
electron t>eam lithography machine which make 
use of the above MII\A-type electron-emitting device 
and can achieve a superior resolution of «i image 
and a superior luminance. 

The present invention provides an electron- 
emitting device comprising a substrate, an elec- 
trode prowded on said substrate, an insulating lay- 
er laminated on said electrode, and a second elec- 
trode having an opening and laminated on said 
insulating layer in such a manner that the insulating 
layer is uncovered at the opening and electrons are 
emitted from the opening of the second elecfrode 
as a result of application of an voltage between the 
electrodes. 

The present invention also provides an image 
display apparatus comprising an electron-emitting 
device, a modulating electrode capable of modulat- 
ing an electron beam emitted from said electron- 
emitting device, in accordance with an information 
signal, and an image forming memt>er capable of 
forming an image as a result of irradiation with said 
electron beam, wherein said electron-emitting de- 
vice comprises a substrate, an electrode provided 
on said substrate, an insulating layer laminated on 
said electrode, and a second electrode having an 
opening and laminated on said insulating layer in 
such a manner that the insulating layer is uncov- 
ered at the opening and electrons are emitted from 
the opening of the second electrode as a result of 
application of an voltage between the electrodes. 

The present Invention still also provides an 
electron beam lithography machine comprising an 
electron-emitting device, and a means for inodulal- 
ing an electron beam emitted from said electron- 
emitting device, in accordance wilh an information 
signal; wherein said electron-emitting device com- 
prises a substrate, an etectn^de provided on said 
substrate, an insulating layer laminated on said 
electrode, and a second electrode having en open- 
ing and laminated on said insulating layer in such a 
manner that the insulating layer is uncovered at the 
op>ening and electrons ore emitted from the open- 
ing of the second electrode as a result of applica- 
tion of an voltage between the electrodes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Throughout th drawings, the corresponding 
parts r members are denot d by the same nu- 
m rals. 

Fig. 1 schematically illustrates a cross sec- 
ti n f an example of the electr n-emitting d vice 



according to the present invention. 

Rgs. 2A and 2B respectively illustrate a pat- 
tern (shape of electrode) of a surface electrode of 
the electron-emitting device according to the 
5 present invention, arxi a plan view of the electron- 
emitting device. 

Figs. 3A and 38 each illustrate a pattern of a 
surface electrode of the electron-emitting device 
according to the present invention, 
TO Figs. 4A and 48 schematically illustrate an 

image display apparatus making use of the 
electron-emitting device of the present invention. 

Fig. 5 schematically illustrates an electron 
beam lithography machine making use of the 
T6 electron-emitting device of the present invention. 

Rgs. 6 and 7 diagramatically illustrate a con- 
stitution commonly taken in conventional MIM-type 
electron-emitting devices. 

20 

DETAILED DESCRIPTION OF. THE PREFERRED 
EMBODIMENTS 

In order to achieve the objects previously 
25 noted, the electron-emitting device of the present 
invention is characterized by an MIM-type electron- 
emitting device in which an opening is provided in 
its surface electrode so that its insulating layer is 
uncovered. 

30 More specifically, in the device of the present 
invention, it is unnecessary to form the surface 
electrode with a particularly small thickness, and 
hence it l>ecomes easy to form the film of the 
surface electrode. It is also possible to keep the 
35 resistance of the surface electrode to a low level, 
and hence the tall of voltage at the surface elec- 
trode can be ignored, making it possible to apply 
an effective elecUic field to the device and at the 
same lime to prevent the device from being broken 
40 because of the generation of heal. On the other 
hand, the electrons that have tunneled the insulat- 
ing layer and reached the opening of the surface 
electrode, i.e., the uncovered area of the insulatirtg 
layer, can t>e emitted out of the device without the 
45 toss of energy due to the scattering in metals. The 
opening of the surface electrode may also be pro- 
vided in a large number, whereby omission cur- 
rents can be increased. Minute openings n^y also 
be provided in a large number, whereby it be- 
so comes possible to ignore the disturbance of elec- 
tric fields in the insulating layer, so that uniform 
and effective electric fields can be appfied to ttie 
device, bringing about an improvem nt in the emis- 
sion efficiency. 
55 The disadvantages that th cross-s ctional 
shape of an electron beam mitted from the sur- 
face electrode 3 becomes bad and also the fluores- 
cent luminance attributable to the electron beam 
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also becomes nonHiniform. as in the case when the 
surface electrode 3 is formed with a small thick- 
ness » may no longer be brought about arxJ thus 
the electron-emission efficiency can be improved. 

Taking account of the electric field in the in- 
sulating layer, its uniformity is retained only in the 
victnity of the periphery of the opening of the 
surface electrode and it becomes smallest in the 
vicinity of the center of the opening, so that the 
amount of electrons emitted from the centeral area 
tends to become smaller. Hence, the size of the 
opening may preferably be as minute as possible 
in order to keep the uniformity of electric fields, 
and the periphery of the opening may preferably 
be present in. the numt)er as large as possible. The 
size (width: W in Fig. 1) of the opening, which is 
the distance t)etween opposed points on the pe- 
riphery, may preferably t>e 100 um or less, and 
particularly 10 um or less. The opening may fur- 
ther preferably be made as minute as possible 
within the range of presently available processing 
accuracy. The larger the number of the opening 
within the area of a device is. the larger the amount 
of emitted electrons becomes. Hence, the opening 
should preferably be provided in the number as 
large as possible to the extent that the electrode 
resistance can be kept low using, e.g.. a method 
by which the electrode is made to have a large film 
thickness. For this reason, the proportion of areas 
of the openings to the area ol a device may prefer- 
ably be 50 % or less, and more preferably be 20 
% or less. 

The present invention will be described below 
in detail with reference to the drawings. 

Fig. 1 is a cross section to illustrate a constitu- 
tion of the MIM-type electron-emiUing device ac- 
cording to the present invention. An electrode 1 
and a surface electrode 3 in pairs and an insulating 
layer 2 held between these electrodes are provided 
on a substrate 5. An opening 4 is also provided in 
the surface electrode 3. 

Here will be described an example of en 
electrori-emitting dovicc comprising an organic in- 
sulating film used as the insulating layer 2. 

For the formation of the organic thin film in- 
sulating layer. It is possible to apply vacuum depo- 
sition, molecular beam epitaxy, electrolytic poly- 
merization or the like. Since, however, the length 
through which electrons can tunnel a potential bar- 
rier is very small, the organic insulating film layer 
shotjid comprise an ultra-thin film, in other Wdrds, 
should hav a film thickness in th range of from 
several A to several hundred A. pref rably not 
mor than 200 A, and more preferably not more 
than 100 A and not less than 5 A. In addition, 
whether or not the layer is homogeneous in the in- 
plane direction and thickness direction of the in- 
sulating thin film greatly influences th device per- 



formance and Hs stability. Hence, care must be 
taken on it 

A most suitable method of forming the insulat- 
ing thin film in a preferred embodiment of the 
5 present invention includes the LB method. 

The LB method is a method by which a nwn- 
omdecular film or a built-up film thereof is pre- 
pared by utiOzing the mechanism that when in a 
structure having a hydrophllic part and a hydropho- 

w bic part in the molecule the balance between the 
both is appropriately kept nnolecules fonm a mon- 
omolecular layer with the hydrophilic groups down 
on a water surface. 

According to this LB method, a monomolecular 

IS film, or a built-up film thereof, of an organic com- 
pound having the hydrophobic part and the hydro- 
philic part in its molecule can be readily formed on 
any electrode or any substrate containing any elec- 
trode. The film can have a film thickness of a 

20 molecular length order, and also can provide a 
uniform and homogeneous organic ultra-thin film 
over a wide area. 

(Materials for the electrodes between which 
such an LB film is held may be any of those having 

25 a high conductivity, including a great number of 
materials as exemplified by metals such as Au, Pt, 
Ag. Pd, Al, In. Sn and Pb. or alloy of these, and 
also graphite or silicide, as well as conductive 
oxides such as fTO. these of which can be in- 

30 tended to l>e applied in the present invention. 

As methods of forming the electrodes employ- 
ing such materials, conventionally known thin-film 
techniques may be satisfactory. However, as care 
should be taken here, particularty in instances in 

05 which the LB film has. not stability to thermal treat- 
ment and soh^ent resistance, a preparation or pro- 
cessing step that requires, for example, a high 
temperature (> 1 00 * C) should preferably be avoid- 
ed so thai the LB film may not be damaged when 

40 an electrode is further formed on an LB film having 
been already formed. 

In order to take out electrons out of the elec- 
trode without providing the opening, the electrode 
may preferably has a thickness of 500 A or less. 

45 and more preferably 200 A or less.. 

On the other hand, in the present invention, the 
substrate 5 that supports thin films, on which the 
electrodes 1 and 3 and the insulating layer 2 arc 
laminated, may be of any materials including met- 

50 als, glass, ceramics, and plastic materials. It may 
also have any shape, preferably of a flat sheet 
vyfhich, how ver, is by no m ans limited to th flat 
sh et. This is because the at)ove film formation 
m thod has the advantage that a film can be 

55 formed with a shape xactly corresponding to the 
surface of the substrate v^atever shape the sur- 
face has. 

In view of th advantages attributable to the 
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el ctron-emitting device of the pres nt invention as 
d scribe above, it can be suitably us d, In particu- 
lar, as an electron source in an image display 
apparatus and an electron beam lithography ma- 
chine in both of which a high resolution and an 
high luminance are refquired. 

Namely, the image display apparatus and the 
electron l>eam lithography machine that make use 
of the above electron-emitting device of the present 
invention are: 

An image display apparatus comprising an 
electron-emitting device, a modulating electrode 
capable of modulating an electron beam emitted 
from said electron-emitting device, in accordance 
with an information signal, and an image forming 
member capable of forming an image as a result of 
Irradiation with said electron beam, wherein said 
electron-emitting device comprises a substrate, an 
electrode provided on said substrate, an insulating 
layer laminated on said electrode, and a second 
electrode having an opening and laminated on said 
insulating layer in such a manner that the insulating 
layer is uncovered at the opening and electrons are 
emitted from the opening of the second electrode 
as a result of application of an voltage between the 
electrodes; and 

An electron beam lithography machine com- 
prising an electron-emitting device, and a means 
for modulating an electron beam emitted from said 
electror>-emitting device, in accordance with an in- 
formation signal; wherein said electron-emitting de- 
vice comprises a substrate, an electrode provided 
on said substrate, an insulating layer laminated on 
said electrode, and a second electrode having an 
opening and laminated on said insulating layer in 
such a manner that the insulating layer is uncov- 
ered at the opening and electrons are emitted from 
the opening o\ the^second electrode as a result of 
application of an voltage between the electrodes. 

Tlie at>ove apparatus making use of the 
eleclron-tfiniUing device of the present invention 
will be de5Cril)ed below In detail with reference to 
the drawings. 

With reference to Rgs. 4A and 4B. an embodi- 
ment of a flat-plate image display apparatus in 
which the present invention Is applied will bo de- 
- scribed. 

Fig. 4 A is a partially cutaway perspective view 
to show tho structure of a display panel. 

How to operate- the present apparatus will be 
described tX)low in order. 

Fig. 4A shows the structure of the display 
pan I, in which VC denotes a vacuum container 
mad of glass, and FP, part thereof, denotes a fac 
plat on the display surface side. At th inner face 
of the fac plat FP, a transpar nt electrode made 
of, for example, ITO is f rmed. At the further inn r 
Sid ther of, red, green and blue fluoj-escent mem- 



bers 0"^39® forming members) are dividedly ap- 
plied in a mosaic fashion, and provided with a 
metal back as known in the field of CRT. (The 
transparent electrode, the fluorescent member and 
s the metal back are not shown in the drawing.) The 
above transparent electrode is electrically connect- 
ed to the outside of the vacuum container through 
a temiinal EV so that an accelerating voltage can 
be applied. 

10 The letter symbol S denotes a glass substrate 
fixed to the bottom of the above vacuum container 
VC, on the surface of which the MIM-type electron 
emitting device (Rg. 4B) of the present invention is 
formed in arrangement with numt)er N x lines t. 

75 The group of electron-emitting devices are elec- 
trically parallel-connected for each line, and 
positive-pole side wiring 25 (or negative-pole side 
wiring 26) of each line is electrically connected to 
the outside of the vacuum container VC through 

20 terminals Dpi to Dpi (or terminals Dmi to D„,t). 

A grid electrode (modulating electrode) GR is 
fonfied in a stripe between the substrate S and the 
face plate FP. The grid electrode (modulating elec- 
trode) GR is provided in the number of N, falling 

25 under right angles with the line of the electron- 
emitting device. Grid holes Gh are provided in 
each electrode, through which electrons are trans- 
mitted, The grid holes Gh may be provided one by 
one correspjonding with each electron-emitting de- 

30 vice as shown in Fig. 4A, or the number of minute 
holes may alternatively be provided in a mesh 
form. 

The respective grid electrodes (modulating 
electrodes) GR are electrically connected to the 

35 outside of the vacuum container VC through grid 
electrode terminals Gi to Gn. 

In the present display panel, the lines of the 
electron-emitting devices in the numl>er ol I and 
tlie lines of the grid electrodes (modulating elec- 

40 trodes) In the numt)er of N constitute an XY matrix. 
Synchronizing with the successive driving 
(scanning) of the lines of electron-emitting devices 
line by line, modulating signals alotted to one line 
of an. image are simultaneously applied to the lines 

45 of grid electrodes (modulating electrodes) in accor- 
dance with information signals. Thus, the irradiation 
with each electron beam to the fluorescent member 
can be controlled and the image is displayed line 
by line. 

50 The image display apparatus as described 

above can be an image display apparatus capable 
of obtaining a displayed image particularfy with a 
high r solution, free of luminance uneveness and 
with a high luminanc , because of the advantages 

55 attributabi to the el cUon-emitting device of the 
pr sent invention as previously described. 

The electron beam lithography machine mak- 
ing use of the lectron-emitting device of the 
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present invention will be described t>elow. 

Rg. 5 schematically illustrate the constitution of 
an emtx)diment of the lectron beam rithography 
machine. The numeral 31 denotes an electron- 
emitting device according to the present invention. 
An electron t>eam (the dotted line in f^g 5) emitted 
from this electron-emitting device 31 forms an im- 
age on a wafer 42 provided on a stage 35. The 
electron t>eam is modulated, in otfier words, con- 
trolled for ON/OFF of the electron t>eam. in accor- 
dance with information signals of the de^red im- 
age. A means for modulating the electron k>eam 
may merely comprise an electron beam source 
driving unit 32 capable of ON/OFF-cohtrolling the 
driving of the device, but. in addition thereto, may 
comprise, as denoted by the numeral 41 in Fig. 5. 
a blanking electrode capable of greatly deflecting 
' continuously emitted electron t>eams so that they 
may not reach the wafer 42, As described above, 
the electron beam lithography machine according 
to the present embodiment is equipped with the 
electron-emitting device of the present invention 
and the modulating means as essential constituent 
factors. In the case when the electron-emitting de- 
vice that comprises the electron beam source is 
not in a multiple fonn, it is necessary to use a 
deflecting electrode capable of deflecting the elec- 
tron beam in accordance with information signals. 
A stage micro-movement mechanism 37, which 
' minutely moves the stage 35 in accordance with 
information signals, a stage alignment mechanism 
38, and a control mechanism 40, which synchro* 
nizes these mechanisms (37, 38), the deflecting 
electrode 39 and the blanking electrode 41 . may 
preferably t)e further provided in the case when 
some restriction may arise in the width through 
which the electron beam is deflected by the de- 
flecting electrode 39. Focusing lenses (an elec- 
tromagnetic lens 33 and an electromagnetic tens 
drive unit 34) may preferably t>e also disposed so 
that the convergence of a beam of emitted elec- 
trons on the wafer 42 can t>e improved. In Rg. 5, 
the numeral 36 denotes a vibration Insulation ped- 
estal, which prevents image formation accuracy 
from being lowered by the minute vibration that 
may occur during image formation. 

The electron beam lithography machine as de- 
scribed above can t>e an electron beam lithography 
machine capable of obtaining an image formation 
pattern particularly with a high resolution and with a 
high accuracy, because of the advantages attrib- 
utabic to th el ctron-emitting d vice f the 
present inv nti n as previously descrit>ed. 

As having been described above in detail, the 
I ctron-emitting device according to the pres rrt 
inv ntion has mad it unnecessary to form the 
surface electrode with particulariy a small tNck- 
ness, and has made it possible to uniformly apply 



an effective voltage to the device and at the sam 
time to prevent the device from t)elng broken be- 
cause of the generation of heat h/loreover, since 
electrons can be taken out through the opening of 

5 the surface electrode, it has become possible to 
increase the electron-emission efficiency. 

The formation of the insulating layer by the LB 
method makes it possible to readily achieve the 
controlling of film thickness of a molecule order 

10 and also can give a superior controllakMlity, so that 
a high reprodudbility and a rich productivity can be 
attained when the devices are formed. : 

It has also become possible to improve the 
electron-emission effidency since it no longer oc- 

15. curs that the cross-sectional shape of the electron 
beam t>ecomes bad or the fluorescent luminance 
t>ecomes nor>-uniform with a decrease in thickness 
of the surface electrode. 

20 

EXAMPLES 

The present invention will be described below 
in greater detail by giving Examples. 

25 

Example 1 

On a glass substrate 1 (#7059. a product of 
30 Coming Glass Worics) having been subjected to 
hydrophobic treatment by leaving it to stand for 24 
hours in vapor saturated with hexamethyldisilazane 
(HMDS), Cr was vacuum-deposited as a subbing 
layer by vacuum deposition with a thickness of 500 
35 A, and Au was further deposited by the same 
process (film thickness: 1.000 A), to fonn a base 
electrode in a stripe wth a width of 1 mm. On the 
resulting substrate, morK>motecular films composed 
of polyimrde were formed according to the LB 
40 method, the procedure of which was as detailed 
below. 

A dimethylacetamide soiutibn in which 
polyamic acid (molecular weight: about 200000) 
was dissolved In a concentration of 1 x 10"^ %- 

45 (W/W) was spread ori an aqueous phase of pure 
water of 20* C in water temperature to fonm a 
monomolecular film on the water surface. The sur- 
face pressure of Uie moriomolecular film thus 
formed was r^'sed up to 25 mNAn. While keeping 

50 constant the surface pressure, the above substrate 
was put in water and drawn up at a rate of 5 
mn^in in the direction crossing the water surface. 
A Y-type monomolecular built-up film was thus 
prepared. Such operations were repeated to form 

55 six kinds f built-up films with 12, 18, 24, 30. 36 or 
40 layera. These films were then heated at 300* C 
for 10 minutes so that they were formed into 
polyimide. 



6 



11 



EP 0 394 698 A2 



12 



On th who! surfac of th film surface thus 
formed. A! was vacuum-dep sited (film thickn ss: 
1500 A) while the substrate temperatur was main- 
tained at a temperature lower than room tempera- 
ture. Next, a negative" resist was applied, and then 
a pattem of the surface electrode as illustrated in 
Rg. 2A was exposed and developed. Thereafter. Al 
was etched by conviBntionally known wet etching. 
Subsequently, the resist was peeled, and thus an 
MIM-type device having the surface electrode as 
illustrated in Rg. 2B was prepared. The dimensions 
of the part at which the surface electrode and the 
base electrode crossed each other were 1 mm x 1 
mm. The width of the opening was 10 um, and the 
pitch of openings was 50 um. 

The device thus prepared was placed under a 
vacuum of 2 x 10~^.Torr or less, and a voltage was 
applied between the upper and lower electrodes. 
As a result, emission of electrons were observed. 
An electron-emission efficiency of at)out 1 x 10"^ 
at maximum was obtained. With an increase in the 
number of the build-up of the insulating layer, a 
higher voltage had to be applied in order to obtain 
the like emitted currents. An electron-emission pat- 
tern was observed at a fluorescent plate disposed 
right above the device to reveal that a fluorescent 
pattern similar to the shape of the surface elec- 
trode was obtained. Moreover, the fluorescence 
showed a good uniformity. 

The film thickness per one polyimide layer was 
determined by elipsometry to be about 3.6 A. 

Next, the above procedure was repeated to 
prepare a device, except that the dimensions of the 
part at which the surface electrode and the base 
electrode crossed each other were l mm x 1 mm, 
the width of the opening was 100 um, and the 
pitch of openings was 200 um. The measurement 
was tried in the same manner. A relatively large 
voltage had to t>e applied, but an electron-emission 
efficiency of about: 3 x 10-^ at maximum was 
obtained. The electron-emission pattern observed 
at the fluorescent :plate disposed right at>ove the 
device was found to be similar to the shape of the 
surface electrode. The fluorescence also showed a 
good uniformity. 



Example 2 

Example 1 was repeated to form a device, 
except that a pattern as illustrated in Rg. 3A of 3B 
was used as the pattern of the surface electrode. 
The dimensions of th opening shown In Rg. 3A 
were 10 um x 10 um; and th diameter of th 
opening shown in Rg, 3B was 15 um. Th pitch of 
openings was 50 um in both instances. The 
lectron-emission patt rn was similar to the shape 
of the surface I ctrode. with the spr ad smaller 



than that in Example 1. The fluor scence showed a 
good uniformity in both instances, but, in the in- 
stance of Rg. 3A. a slightly stronger fluorescence 
was seen in the vicinity of comers of the openings. 

6 In Examples having been described In the 

alxjve. the LB method was used to form the in- 
sulating layer. However, any film formation meth- 
ods that can form a very thin and uniform insulating 
organic thin film can be used without limitation to 

10 the LB method. They specifically include vacuum 
deposition, electrolytic polymerization, and CVD. 
Thus, the range of usable organic materials can be 
broadened. 

In addition, the insulating layer 2 may be 
T5 formed using an inorganic material, without limita- 
tion to the organic material. 

Also regarding the formation of the electrode, 
any film fonnation methods can be used as pre- 
viously mentioned, so long as they can form a 
20 uniform thin film on the organic thin film, without 
limitation to vacuum depwsifion and sputtering. 

There are also no limitations on the materials 
for the substrate and the shape thereof. 

25 

Comparative Example 

A device was prepared, having the same de- 
vice area (1 mm x 1 mm) as in Example 1 but 

30 provided with no opening. Measurement was also 
made in the same manner as in Example 1. The 
surface electrode was made to have a film thick- 
ness of 200 A. Here, the electron-emission pattem 
observed at the fluorescent plate was found to be 

35 similar to the shape of the surface electrode. The 
fiuorescence also showed a good uniformity. How- 
ever, the electron-emission efficiency was not more 
than 1 X 10-3 3t maximum. In the case of a device 
prepared to comprise a surface electrode with a 

40 . film thickness of 150 A. the electron-emission pat- 
tem was similar to the shape of the surface elec- 
trode, but uneveness occurred in fluorescence and 
the electron-emission efficiency was not improved, 
compared with the case when the surface electrode 

45 was formed with a film thickness of 200 A." On the 
other hand, in a devfce made to comprise the 
surface electrode with a film thickness of 100 A 
resulted a decrease in the electrorvemission effi- 
ciency to 5 X 10"* or less, and also resulted in no 

50 similarity of the electron-emission pattern to the 
shape of the surface electrode, also bringing about 
a remarkable fluorescence uneveness. This is be- 
caus . in th surface lectrode formed with a film 
thickn ss of 100 A. Al began to^take an island 

55 structur , so that no uniform surface electrode was 
form d. 
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Claims 

1. An I ctron-emrtting devic comprising a 
substrate, an electrode provided on said substrate, 
an insulating layer laminated on said electrode, and 
a second electrode having an opening and lami- 
nated on said insulating layer in such a manner 
that the insulating layer is uncovered at the open- 
ing and electrons are emitted from the opening of 
the second electrode as a result of application of 
an voltage t^etween the electrodes. 

2. An electron-emittir^ device according to 
Claim 1, wherein the width of said opening is 100 
um or less. 

3. An electron-emitting device according to 
Claim 1 , wherein said opening is formed in plural- 
ity. 

4. An electron-emitting device according to 
Claim 1, wherein said insulating layer has a thick- 
ness of from 1 00 A to 5 A. 

5. An electror>-emitting device according to 
Claim 1 , wherein said insulating layer comprises a 
monomolecular film of an organic compound or a 
built-up film of said monomolecular film. 

6. An electron-emitting device according to 
Claim 1. wherein said insulating layer comprises a 
monomolecular film of an organic compound or a 
built-up film of said monomolecular film, formed by 
the Langmuir-Brodgett method (LB method). 

7. An image display apparatus comprising an 
electron-emitting device, a modulating electrode 
capable of modulating an electron beam emitted 
from said electron-emitting device, in accordance 
with an information signal, and an image forming 
member capable of forming an image as a result of 
irradiation with said electron beam, wherein said 
electron-emitting device comprises a substrate, an 
electrode provided on said substrate, an Insulating 
layer laminaled on said electrode, and a second 
electrode having an opening and laminated on said 
insulating layer in such a manner that the insulating 
layer is uncovered at the opening and electrons are 
emitted from the opening of the second electrode 
as a result of application of an voltage between the 
electrodes. , 

8. An image display apparatus according to 
Claim 7, wherein the width of the opening of said 
electrorvemitting device is 100 um or loss. 

9. An image display apparatus according to 
Claim 7. wherein the openirig of said electron- 
emitting device is formed in plurality. 

10- An image display apparatus according to 
Claim 7. wherein th insulating lay r of said 
electron-emitting devic has a thickness f from 
100 A to 5 A. 

11. An electr n beam lithography machine 
comprising an electron-emitting device, and a 
means for modulating an electron beam emitted 



from said electron-emitting device, in accordance 
with an information signal; wherein said electron- 
emitting device comprises a substrate, an lectrode 
provided on said substrate, an insulating layer lami- 

5 nated on said electrode, and a second electrode 
having an opening and laminated on said Insulating 
layer In such a manner that the insulating layer is 
uncovered at the opening and electrons are emit- 
ted from the opening of the second electrode as a 

TO result of application of an voltage between the 
electrodes. 

' 12. An electron beam lithography machine ac- 
cording to Claim 11, wherein the width of the 
opening of said electron-emitting device is 100 um 
75 or less. 

13. An electron beam lithography machine ac- 
cording to Claim 11, wherein the opening of said 
electron-emitting device is formed in pluraDty. 

14. An electron beam lithography machine ac- 
20 cording to claim 11, wherein the insulating layer of 

said electron-emitting device has a thickness of 
from 100 A to 5 A. 
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0 An electron-emitting device comprises a sut>- 
strate (5). an electrode (1) provided on said sub- 
strate, an insulating layer laminated on the electrode 
(2), and a second electrode (3) having an opening 
(4) and laminated on the insulating layer in such a 
manner that the insulating layer is uncovered at the 
opening and electrons are emitted from the opening 
of the second electrode as a result of application of 
an voltage between the electrodes. An image display 
apparatus comprises the electron-emitting device, a 
modulating electrode capable of modulating an elec- 
tron beam emitted from the electron-emitting device, 
in accordance with an information signal, and an 
image forming memt>er capable of forming an image 
as a result of inradiation with the electron beam, 
these of which are successively disposed. An image 
forming apparatus comprises the electron-emitting 
device, and a means for modulating an electron 
beam emitted from said electron-emitting device, in 



accordance with an information signal. 
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